The first descriptions of an insoluble nuclear structure appeared more than 70 years ago, but it is only in recent years that a sophisticated picture of its significance has begun to emerge. Here we introduce multiple methods for the study of the nuclear matrix.
A SIMPLE PICTURE?
Despite the range of approaches used, some controversies have remained and reviews of the evidence for and against the nuclear matrix have come to conflicting conclusions (Pederson 1998; Hancock 2000; Nickerson 2001; Martelli et al. 2002) . It has proven difficult to visualize the filamentous structure revealed by electron microscopy using immunofluorescence light microscopy, which typically reveals punctate foci for most of the nuclear matrix proteins that have been described. However, it should be borne in mind that the proteins that fractionate with the nuclear matrix and are identified by proteomic analysis may in fact make up highly dynamic "local" matrices rather than one large static structure (Martelli et al. 2002) .
One fundamental biological reason for the debate surrounding the existence and nature of the nuclear matrix may in fact be that it exists in different forms in different cell types and may even be absent in some instances. We and others have shown that the composition of the nuclear matrix varies dramatically with differentiation and disease status and that some proteins are actively recruited as part of normal cellular transitions (Getzenberg 1994; Zink et al. 2004; Munkley et al. 2011; Varma and Mishra 2011) . Thus, a lot of work previously undertaken on cancer cell lines, embryonic cells, or Xenopus eggs must now be interpreted in this light to avoid clouding the picture in normal somatic cells (Munkley et al. 2011 ). There remains a need for further studies of the nuclear matrix, including comparative analyses. For a description of two related protocols that identify nuclear matrix proteins by immunofluorescence and immunoblotting, see Protocol: Preparation of the Nuclear Matrix for Parallel Microscopy and Biochemical Analyses (Wilson et al. 2014 ).
APPROACHES TO FUNCTIONAL ANALYSIS
A summary of the methods available for the analysis of the nuclear matrix is presented in Figure 1 . 
Electron Microscopy
The resolution attained with the electron microscope has allowed detailed visualization of the fibrillar protein network within the nucleus of higher eukaryotic cells (Capco et al. 1982; Fey et al. 1986; Jackson and Cook 1988) . The nuclear matrix has been viewed after RNase digestion (Berezney and Coffey 1974) , DNase digestion (Capco et al. 1982) , and removal of chromatin by electroelution (Jackson and Cook 1988) and in a range of buffer conditions designed to minimize artifacts (Mirkovitch et al. 1984; Jackson and Cook 1988; Nickerson et al. 1997; Engelhardt 1999; Wan et al. 1999 ). The nuclear matrix has also been viewed in paraformaldehyde-fixed sections of unextracted nuclei, identifying protein-rich interchromosomal areas consistent with the description of a nuclear matrix (Hendzel et al. 1999) .
Proteomic Analysis
Studies designed to identify the component parts of the nuclear matrix were compiled in a database of nuclear matrix proteins, termed NMPdb (Mika and Rost 2005) . Since then, large-scale proteomic screens have been undertaken that compare nuclear matrix components enriched in tumor cells and at different developmental stages (Albrethsen et al. 2009 (Albrethsen et al. , 2010 Varma and Mishra 2011) .
Analysis of Attached DNA
The proteinaceous structure isolated by nuclear matrix extraction protocols is associated with residual DNA as well as RNA. Attachment of DNA was first observed by electron microscopy in the 1970s (Paulson and Laemmli 1977) . Various methods have since been used to study the attached DNA, including digestion of chromatin loops with restriction enzymes, DNase I, or topoisomerase II to reveal the attachment points (Mirkovitch et al. 1984; Djeliova et al. 2001; Linnemann et al. 2009 ; Rivera-Mulia et al. 2011), followed by isolation and sequencing, labeling by FISH, or incorporation of nucleotide analogs. Regions of DNA that remain attached after extraction with high salt are termed matrix-attached regions and those that remain after extraction for the scaffold or skeleton are known, respectively, as scaffold-attached regions or skeleton-attached sequences. The possible functional significance of these classes of attachment has been reviewed previously (Wilson and Coverley 2013) . Related procedures (e.g., maximum fluorescence halo radius), in which histones and loosely attached proteins are extracted but chromatin is undigested, have been used to study the DNA loops that emanate from the attachment points on the nuclear matrix (Vogelstein et al. 1980; Gerdes et al. 1994; Lemaitre et al. 2005; Guillou et al. 2010) . A method that combines nuclear matrix extraction with chromosome conformation capture (3C) has also recently been developed and is termed M3C (Gavrilov et al. 2010) .
A Protocol Using Cytoskeletal (CSK) Buffer
The method we prefer to use for the analysis of nuclear-matrix-related functions is described in Protocol: Preparation of the Nuclear Matrix for Parallel Microscopy and Biochemical Analyses (Wilson et al. 2014 ). This protocol involves extraction with nonionic detergent (Triton X-100) to remove membranes and soluble proteins under physiologically relevant salt concentrations, followed by extraction with 0.5 M NaCl, digestion with DNase I, and removal of fragmented DNA. Complementary analysis by immunoblotting and immunofluorescence reveals information regarding isoforms and spatial organization. This protocol uses CSK buffer to stabilize the cytoskeleton and nuclear matrix in relatively gentle conditions. CSK was first used by Lenk et al. (1977) and later by Capco et al. (1982) for electron microscopy. Others have used it for immunodetection of individual nuclear matrix components (Nickerson et al. 1992; Grondin et al. 1996; Huang et al. 2004; Boisvert et al. 2005; Ainscough et al. 2007; Campalans et al. 2007 ), identification of protein domains required for nuclear matrix binding (Ainscough et al. 2007 ), analysis of temporally regulated recruitment (Fujita 1999; Fujita et al. 2002; Miccoli et al. 2003; Samaniego et al. 2006; Sree et al. 2012) , and comparison of recruitment between developmental or differentiation stages and between disease states (Munkley et al. 2011) . The benefits of this method include relatively gentle buffer conditions, the potential to generate robust results by using imaging and biochemical analysis in parallel, and its flexibility to incorporate high salt to reveal the core nuclear matrix or pretreatment with a protein-protein crosslinker to reveal those proteins only weakly associated with the nuclear matrix. It can also be combined with other cellular manipulations to address specific questions, such as determination of cell synchrony protocols, depletion by RNAi, and expression of ectopic proteins. Together, these offer the potential to uncover the functional relevance of recruitment to the nuclear matrix. 
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